Few prospective studies have examined associations of lifestyle factors or variables in the insulin resistance syndrome (syndrome X) with incidence of elevated blood pressure (BP) in black subjects and women. This report estimates the 10-year incidence of high blood pressure (HBP) and high normal blood pressure (HNBP) in the biracial cohort of the Coronary Artery Risk Development in (Young) Adults Study (CARDIA), and examines lifestyle factors and four syndrome X variables, measured at baseline, as predictors. CARDIA examined 5115 black and white men and women aged 18-30 years in 1985-1986, and re-examined them at 2, 5, 7, and 10 years. The 10-year incidence of HBP was 16.4% in black men, 7.8% in white men, 13.1% in black women, and 3.2% in white women, while the 10-year incidence of HBP or HNBP was 29.5%, 16.2%, 19.2%, and 6.3%, respectively, in the four sex-race subgroups. Predictors included body mass index, waist circumference, physi-
Introduction
A number of lifestyle factors are considered risk factors for hypertension, including excessive consumption of calories leading to overweight and obesity, physical inactivity, and excessive alcohol consumption. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Heart rate and cigarette smoking have also been positively related to incidence of hypertension, 3, [5] [6] [7] [8] 12, 14, [16] [17] [18] although cigarette smoking has generally been inversely related to blood pressure (BP) in cross-sectional studies. [19] [20] [21] [22] [23] [24] [25] [26] [27] Education and social status have been inversely related to BP and hypertension in both cross-sectional and prospective studies. 12, 16, 23, 28, 29 Only four prospective studies examined one or more of these variables as possible risk factors for hypertension separately in black subjects 9, 12, 16 or women. 8, 9, 12 Hence, even though there is a consensus that overweight and obesity, physical inactivity, and excessive alcohol intake are risk factors for hypertension, there is a paucity of data on these lifestyle factors, and on heart rate, cigarette smoking, and education level, as predictors in black subjects and women.
The role of insulin and insulin resistance in the development of hypertension has been the subject of intense interest and debate in recent years, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] and Reaven has defined a cluster of abnormalities in carbohydrate and lipid metabolism in association with hypertension called syndrome X. 31, 34 Syndrome X is characterised by resistance to insulinstimulated glucose uptake, glucose intolerance, hyperinsulinaemia, increased triglycerides, decreased high-density lipoprotein cholesterol (HDL-C), hyperuricaemia, and hypertension. The common feature of syndrome X is insulin resistance. 31 Several prospective studies have examined one or more syndrome X variables as predictors of hypertension, including fasting insulin, 13, 14, [41] [42] [43] [44] triglycerides, 8, 13, 14, 42, 44, 45 HDL-C, 13, 14, 42, 44, 45 and uric acid, 6, 18, 45, 46 with independent positive associations for fasting insulin, 41 18, 45 in some studies, but not all, and an independent inverse association for HDL-C in one study. 13 However, of these variables only uric acid has been examined for an association with hypertension incidence separately in black and white subjects, 9 and only three studies have examined associations in women. 8, 9, 43 Hence, there is also a paucity of data on associations of these syndrome X variables with hypertension incidence in black subjects and women.
The objectives of this report are: (1) to estimate and compare the 10-year incidence of high BP and high normal BP in black and white men and women from the Coronary Artery Risk Development in (Young) Adults Study (CARDIA), and (2) to examine lifestyle factors and four syndrome X variables, assessed at baseline, as predictors.
Subjects and methods

Subjects
CARDIA is a longitudinal investigation of the impact of lifestyle and other factors on evolution of coronary heart disease risk factors during young adulthood. Study design, recruitment of participants, and methods have been described elsewhere. 47, 48 In 1985-1986, 5115 black and white men and women aged 18-30 years were recruited and examined at four clinical sites in the USA: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California. Participants were re-examined at 2, 5, 7, and 10 years post-baseline, with re-examination rates among surviving cohort members of 90.4%, 85.7%, 80.6%, and 78.5%, respectively.
Examination procedures and laboratory methods
Blood pressure was measured at each exam on the right arm using a Hawksley random zero sphygmomanometer (WA Baum Company, Copaigue, NY, USA) with the participant seated and following a 5-min rest. Three measurements were taken at 1-min intervals. Systolic and diastolic pressures were recorded as Phase I and Phase V Korotkoff sounds. The average of the second and third measurements was taken as the pressure of record. A 30-sec pulse rate was recorded prior to the first measurement. Standardised questionnaires were used to collect self-report data on diagnosis and treatment of hypertension, diabetes, and other conditions. At baseline, participants were asked to fast for at least 12 h and not to smoke or engage in heavy physical activity for at least 2 h prior to the exam. Following BP measurement, venipuncture was performed with the participant seated, and blood was collected with minimal stasis for assessment of lipids, insulin, and uric acid. After plasma or serum separation, aliquots were stored at −70°C until shipped on dry ice to a central laboratory. Serum insulin was measured using an immunoassay technique at the University of Pittsburgh Diabetes Research Center. 49 Plasma lipids and lipoproteins were measured by the University of Washington Northwest Lipid Research Clinic Laboratory. Total triglycerides and HDL-C were determined using enzymatic procedures, 50 and HDL-C was measured after dextran sulfate-magnesium precipitation. 51 Uric acid was measured by American Bioscience Laboratories (Van Nuys, CA, USA) by the uricase method using a standard assay.
Body weight (light clothing) was measured to the nearest 0.5 pound using a beam balance scale. Height without shoes was measured to the nearest 0.5 cm using a vertically mounted centimetre ruler and a metal carpenter's square. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Waist circumference was measured at the minimal abdominal girth, in duplicate, to the nearest 0.5 cm.
Interviewers using standardised questionnaires obtained data on years of education, number of cigarettes smoked per day, physical activity level (amount of moderate and heavy activity in the past year), 52 and alcohol intake. For these analyses, education was dichotomized as 12 or fewer years of education versus more than 12, based on the greatest number of years reported at any of the five exams. Values from follow-up exams were included in the definition of the variable for education, because education was not complete at baseline for some cohort members due to their young ages. Baseline smoking was also dichotomized into current cigarette smoker versus not a current smoker. The quantity and type of alcohol containing drinks reported were used to calculate alcohol consumption as milliliters of ethanol per day.
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Statistical analysis
End-point definitions: Ten-year incidence was determined for two end-points: (1) High BP, defined as first occurrence at any follow-up exam of systolic BP у140 mm Hg, or diastolic BP у90 mm Hg, or taking antihypertensive medication; and (2) either high BP or high normal BP, defined as systolic BP у130 mm Hg, or diastolic BP у85 mm Hg, or taking antihypertensive medication. In what follows, we refer to this latter end-point as elevated BP or EBP. The high BP end-point is based on BP cutpoints used in the fifth report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (JNC V) to define hypertension based on BP readings taken on multiple occasions, while EBP is based on cutpoints used in JNC V to define high normal BP or hypertension. 54 To be included in analyses of incidence rates, CARDIA participants had to have at least one follow-up exam at which both systolic and diastolic blood pressures were obtained and to be free of high BP or EBP at baseline. Analyses to estimate incidence of high BP were based on 4747 men and women, after excluding one person with incomplete BP measurement at baseline, 226 due to not having BP measured post-baseline, and 141 for high BP at baseline. Analyses to estimate incidence of EBP were based on 4494 men and women, after excluding also 253 persons for high normal BP at baseline.
Life-table techniques were used to estimate 10-year incidence for each end-point, using the four time intervals between exams, ie, 0-2 years, 2-5 years, 5-7 years, and 7-10 years. 55 In these analyses, participants were censored at the exam at which high BP or EBP first occurred, or at their last followup exam. Participants were included in any followup interval in which BP was measured at the exam at the end of the interval, whether or not BP was measured at the previous follow-up exam. Participants who missed one or more follow-up exams, but had a subsequent exam, were excluded only from the time intervals in which the missed exam was at the end of the interval. Hence, participants could 'drop-in' or 'drop-out' in these life-table analyses, and 'drop-ins' were assumed not to have EBP at missed exams.
Predictors of elevated blood pressure:
Because the number of persons with high BP at follow-up was relatively small for some sex-race subgroups, analyses to determine predictors used EBP as the endpoint. For these analyses, persons were excluded from the cohort of 4494 used to estimate incidence of EBP, if they fasted fewer than 8 h at baseline (n = 131), were missing data on any of the variables examined as predictors (n = 140), had a fasting baseline glucose of 7.8 mmol/L (140 mg/dL) or greater (n = 8), or reported a previous diagnosis of diabetes at baseline (n = 20). Thus, 4195 black and white men and women were included. Exclusions for high fasting glucose values and self-reported diabetes reflect our interest in examining syndrome X variables as predictors.
Multiple logistic regression was used for these analyses. Individuals were included in each 2-3 year follow-up interval in which they had a BP measurement at the end of the interval, if they had not yet met the definition of EBP in any prior interval. Hence, a person who had BP measured at baseline and at each follow-up exam and did not have EBP prior to the year 10 exam appeared four times in the data set. To account for the fact that an individual could appear more than once in the data set, separate constant terms were included in the logistic model for each interval of follow-up. Use of logistic regression in this manner provides results that are essentially equivalent to a Cox proportional hazards regression in which individuals with EBP at any exam are assumed to have the same length of followup, ie, are tied observations, and the logistic approach is used to handle these tied observations. 56, 57 Variables examined as predictors included age, systolic BP, BMI, waist circumference, physical activity, alcohol intake, pulse, cigarette smoking, education, fasting insulin, triglycerides, uric acid, and HDL-C. All variables were based on baseline values, except education which was based on the greatest number of years reported at any exam. Odds ratios and 95% confidence intervals were calculated for each variable in a univariate logistic model and then in a multivariate model that included all variables, except BMI. To provide further insight into associations of these variables with EBP and interrelationships among variables, odds ratios and confidence intervals for five additional multivariate models were also obtained for each sex-race group. The first model included age, systolic pressure, waist circumference, physical activity, alcohol intake, pulse, cigarette smoking, and education, but not syndrome X variables. This model was fit because adjustment of associations of waist circumference and alcohol intake with EBP for syndrome X variables could represent overadjustment if these two variables contribute to increased levels of triglycerides, uric acid, HDL cholesterol, or fasting insulin. 33, [58] [59] [60] The four remaining models included each syndrome X variable alone, plus the eight variables listed above. These models were fit because the strong interrelationships among the syndrome X variables could obscure associations of these variables with EBP in the full multivariate model. All multivariate models included waist circumference, rather than BMI, because waist circumference was generally more strongly related to EBP than BMI.
For continuous variables, odds ratios and confidence intervals were calculated for a one standard deviation increase in each variable, with standard deviations determined separately for each sex-race group.
In accord with previous CARDIA reports, analyses were also conducted in which both insulin and triglycerides were log-transformed to reduce skewness. 58, 59 Because physical activity and alcohol intake also had very skewed distributions in each sex-race group, these variables were also log transformed after adding one unit and 1 ml/day, respectively, to each participant's values. Because results of these analyses were very similar to those for untransformed data, and odds ratios were easier to interpret when the data were not transformed, only results without log-transformation of these four variables are reported here. In addition, because an association between alcohol intake and incidence of EBP might not be linear, as suggested by other studies, 61 analyses were also conducted based on dichotomization of intake at 35 ml per day in men and 15 ml per day in women. These cutpoints were the approximate 85th percentiles for all men and all women, respectively.
Results
Incidence of high blood pressure and elevated blood pressure
Ten-year incidence of high BP was greater in black compared to white subjects and in men compared to women, and ranged from 3.2% in white women to 16.3% in black men (Figure 1) . Similarly, 10-year incidence of EBP was also greater in blacks compared to whites, and in men compared to women, ranging from 6.3% in white women to 29.5% in black men (Figure 2 ).
Predictors of elevated blood pressure
Descriptive statistics for measurements and characteristics examined as predictors of EBP in the 4195 men and women are given by sex and race in Table 1 . In univariate analyses, among lifestyle and other variables, BMI, waist circumference, and cigarette smoking were positively related to 10-year incidence of EBP, and education and physical activity inversely related, in each sex-race group (Table 2) . Pulse and alcohol intake were positively related in three groups. These associations were statistically significant for BMI and waist circumference in all four groups, for cigarette smoking, education, and pulse in three, and for physical activity and alcohol intake in one. Among the four syndrome X variables, fasting insulin, triglycerides, and uric acid were positively related to EBP in each sex-race group, with the association being statistically significant in all four for fasting insulin, and in three for triglycerides and uric acid. HDL-C was also inversely and significantly related to incidence of EBP in three of the groups.
In the full multivariate model (Table 3) , waist circumference and cigarette smoking remained positively related to EBP in each sex-race group, with statistically significant associations for white men and black women for waist circumference. In the multivariate model that excluded the four syndrome X variables (Table 4) , waist circumference was significantly related to EBP in all four groups, with susbtantially larger odds ratios than those for the full model (Table 3) . Although associations of physical activity with EBP remained inverse in each group in the multivariate models, none of the associations was statistically significant. Education continued to have a significant inverse association with EBP in white men and in black and white women. Alcohol intake was significantly related to EBP in black men in the model that excluded the syndrome X variables, but not in the full model. In the other three sex-race groups, alcohol intake had a weak inverse relationship with EBP. Pulse rate was significantly related to EBP in black men in the full model, and in white men, if the syndrome X variables were excluded. In models that included BMI, rather than waist circumference, BMI was positively and significantly related to EBP in each sex-race group in the models that excluded the syndrome X variables. However, in the full model, BMI was not Table 1 for values), and 1.0 for dichotomous variables. b Number of persons with EBP: black men, 211; white men, 135; black women, 188; white women, 62. *P Յ 0.05; **P Յ 0.01; ***P Յ 0.001.
significantly related to EBP in any group (data not shown). Among the syndrome X variables, uric acid remained positively related to EBP in each sex-race group, with a significant association in black men in the full multivariate model, and in white men and black women, if uric acid was the only syndrome X variable included. Fasting insulin and triglycerides continued to have positive associations with EBP in three groups in the full model, with the association statistically significant for insulin for white men and women and for triglycerides in white men. Triglycerides was also significantly related to EBP in black women, if it was the only syndrome X variable included. While HDL-C generally continued to have inverse associations with EBP in these analyses, none of the associations was statistically significant.
Analyses that included alcohol intake as a dichotomous variable generally provided results comparable to those in which alcohol intake was entered as a continuous variable. In black and white men, the odds ratios (95% confidence interval) associated with alcohol consumption of 35 
Discussion
Ten-year incidence rates of high BP and EBP were greater in blacks than whites and in men compared to women. Lifestyle factors as well as syndrome X variables were found to be predictors of EBP, with generally stronger associations for both sets of variables for white men and women compared to black men and women. While several lifestyle factors are considered risk factors for hypertension, including overweight and obesity, physical inactivity, and excessive alcohol consumption, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and heart rate and cigarette smoking have been positively related to incidence of hypertension, 3, [5] [6] [7] [8] 12, 14, [16] [17] [18] and education inversely related, 12 only four prospective studies have examined one or more of these variables as predictors of hypertension in black subjects 9, 12, 16 or women. 8, 9, 12 Similarly, while several prospective studies have examined one or more syndrome X variables as predictors of hypertension, Results for age through cigarette smoker are from models that included only these eight variables; results for insulin, triglycerides, uric acid, and HDL cholesterol are from models that included the first eight variables, plus the individual syndrome X variable.
b Based on increase of approximately one standard deviation for continuous variables (see Table 1 for values), and 1.0 for dichotomous variables. *P Յ 0.05; **P Յ 0.01; ***P Յ 0.001.
prospective study examined associations separately in blacks and whites, and only three examined associations in women. 8, 9, 43 Comparisons of results of these analyses with those of other longitudinal studies of hypertension incidence are difficult, since investigators have generally used different definitions of hypertension or EBP, and have controlled for different variables in multivariate analyses. In addition, some investigators have adjusted for baseline BP, while others have not. For these analyses, we used a definition of EBP that included high normal BP in addition to hypertension, 54 and adjusted for baseline BP. We adjusted for baseline pressure even though this could represent an overadjustment, eg, if a higher baseline pressure was due to one or more of the variables studied here, because if not, prospective findings might simply reflect the baseline associations of these variables with BP.
In these analyses, BMI and waist circumference were significantly related to EBP in each sex-race group in univariate analyses, and in multivariate analyses if syndrome X variables were excluded from the model. However, in the full model, while BMI and waist circumference were positively related in each group, none of the associations was statistically significant for BMI, and waist circumference was significantly related only in black women and white men. In both univariate and multivariate analyses, associations with EBP were weakest in black men. Because of the known associations of obesity with syndrome X variables, and the view of some investigators that obesity is itself part of syndrome X, 33 adjustment of the association of waist circumference with EBP for syndrome X variables could represent overadjustment, particularly if obesity contributes to higher values of insulin, triglycerides, and uric acid and to lower values of HDL-C.
In the only other study to report the association of obesity with incidence of hypertension separately for black and white men and women, Ford and Cooper 12 found BMI to be related to incidence of hypertension in each sex-race group with control for age, income, education, physical activity, alcohol intake, heart rate, total cholesterol, and serum magnesium, using data from the NHANES I Epidemiologic Follow-up Study. 12 However, neither baseline BP nor syndrome X variables were included as covariates in these analyses. In a Kaiser Permanente study, 9 BMI was positively related to incidence of hypertension in both blacks and whites, with a stronger association in whites. In the Meharry Cohort Study, 17 a study of black male physicians, BMI was not significantly related to incidence of hypertension with control for baseline BP and other covariates.
In CARDIA, while physical activity was inversely related to EBP in each sex-race group in both univariate and multivariate analyses, only the association in white women in univariate analyses was statistically significant. In the NHANES I Study, 12 leisure time physical activity was significantly and inversely related to hypertension incidence in black men, white men, and black women in univariate analyses, but not multivariate analyses. In a previous report fron CARDIA, 62 change in physical activity was also not significantly related to change in BP. The lack of strong associations between physical activity and BP in CARDIA could be due to attenuation caused by inaccuracy of self-reported physical activity data.
Alcohol intake was most strongly related to EBP in black men, with significant associations in the univariate analysis and the multivariate analysis that did not adjust for syndrome X variables. Alcohol intake of 35+ ml per day was also significantly related to EBP in black men in both univariate and multivariate analyses. Alcohol intake was not related to incidence of EBP in white men or black and white women in univariate or multivariate analyses, whether treated as a categorical or continuous variable. In the NHANES I Study, 12 alcohol consumption of three or more drinks per day was independently related to hypertension incidence only in white men, and in the Framingham Offspring Study, 8 alcohol intake was a risk factor for hypertension in women, but not men. In the Kaiser Permanente study, 9 alcohol intake of three or more drinks per day was significantly related to incidence of hypertension in whites, including women, but not blacks. The generally weak associations of alcohol intake with EBP incidence reported here are consistent with the previously reported weak cross-sectional associations of alcohol intake with BP in CARDIA, 53, 62 and studies that suggest that the alcohol-BP association is weaker in young adults than middle-aged and older adults. 53, 61 In CARDIA, heart rate was positively and significantly related to EBP in black men, white men, and white women in univariate analyses. The association remained positive in these same three groups in multivariate analyses, with similar values for the odds ratio, even though the association was significant only in black men. In the NHANES I Study, 12 heart rate was a risk factor for hypertension only in white men, and in the Meharry Cohort Study, 17 heart rate was significantly related to hypertension incidence only with adjustment for age. In the Framingham Offspring Study, 8 heart rate was an independent risk factor for hypertension in both men and women in analyses that did not include control for baseline BP. In another Kaiser Permanente study, 18 a positive association between heart rate and incidence of hypertension could be completely explained by baseline BP.
While cigarette smoking has generally been inversely related to BP in cross-sectional studies, [19] [20] [21] [22] [23] [24] [25] [26] [27] it was positively related to hypertension incidence in the Israeli Ischemic Heart Disease Study 6 and the Meharry Cohort Study 17 without control for other risk factors. In CARDIA, cigarette smoking was positively related to EBP in each sex-race group in both univariate and multivariate analyses, with significant associations in univariate analyses in black men and women and white men.
In CARDIA, the most consistent findings were those for education and EBP. Education of greater than 12 years, reported at baseline or any follow-up exam, was significantly and inversely related to EBP in white men and black and white women in both univariate and multivariate analyses. In the NHANES I Study, 12 education was significantly and inversely related to hypertension incidence in these same sex-race groups in univariate analyses. In multivariate analyses with control for age, heart rate, BMI, alcohol intake, physical activity, serum cholesterol, serum magnesium, and household income, the association remained significant in white women and was of borderline significance in the other two sex-race groups. It is unclear why education was related to EBP in white men and women and black women, but not black men, in both CARDIA and NHANES I, although it could be that education is a poorer marker for socioeconomic status in black men compared to the other sex-race groups, or that socioeconomic status is simply not related to BP in black men. In the NHANES I Study, 12 income was not a significant predictor of hypertension in black men or any other sex-race group. However, in the Charleston Heart Study, 16 the incidence of hypertension was greater in black men categorised as being of low social class compared to men of higher social class.
Among the syndrome X variables considered here, insulin, triglycerides, and uric acid were all positively related to EBP in each sex-race group in univariate analyses, with significant associations for insulin in all four groups and for triglycerides and uric acid in three. HDL-C had a significant inverse association in three sex-race groups. In the full multivariate analyses, associations of insulin and triglycerides with EBP remained positive in three groups, with significant associations in white men and women for insulin and for triglycerides in white men. The associations of uric acid with EBP remained positive in each sex-race group, although the association was significant only in black men. HDL-C had little or no association with EBP in the multivariate analyses. Because the strong interrelationships among the four syndrome X variables could obscure associations of this group of variables with EBP, associations of these four variables with EBP were examined individually with adjustment only for the lifestyle and other variables. These analyses also indicated significant associations of uric acid with EBP in white men and black women and triglycerides with EBP in black women. Thus, in these analyses fasting insulin was related to EBP in white men and women, uric acid in black men and women and white men, and triglycerides in white men and black women.
Other studies that have examined the associations of one or more of these syndrome X variables with hypertension incidence have been inconsistent, 6, 8, 13, 14, [41] [42] [43] [44] [45] [46] and no previous study examined associations in black and white men and women separately, although a Kaiser Permanente study 18 reported that the association of uric acid with incidence of hypertension was stronger in women than men and in whites than blacks.
A number of possible mechanisms have been proposed for an association of insulin and insulin resistance with BP and hypertension, including effects on the sympathetic nervous system, proliferation of vascular smooth muscle cells, ion transport, and increased renal sodium reabsorption. [31] [32] [33] 36, 38 However, the role of insulin and insulin resistance in development of hypertension has been a subject of intense debate. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Fasting insulin has not been consistently related to BP and hypertension in crosssectional studies, 44, 63, 64 and experimental studies have failed to reveal a BP response to acute increases in plasma insulin levels. 39, 40 Studies also suggest that insulin and insulin resistance are positively related to BP only in persons with a positive family history of hypertension, 65, 66 ie, that insulin or insulin resistance may be a genetic marker for hypertension risk. In a study by Grandi et al, 65 insulin resistance appeared to be related to a genetic pattern, independently of the presence of hypertension, ie, insulin was significantly higher and insulin sensitivity significantly lower in both normotensives and hypertensives with a positive family history of hypertension. Further, Weisser et al 66 found that fasting insulin was positively correlated with BP only in persons with a family history of hypertension and diabetes mellitus, and in a study of twins, Mayer et al 67 found that log fasting insulin was not related to BP in a matched analysis of monozygous pairs after adjustment for age and BMI. In this latter study, the partial correlation of log fasting insulin with BP was 0.00 for systolic BP and −0.02 for diastolic BP. Other studies have also found insulin levels to be higher in normotensives with a positive family history of hypertension, compared to those without a positive history, even when mean BP levels were similar. [68] [69] [70] In conclusion, the results from this study suggest that lower socioeconomic status as assessed by education level and one or more variables from the insulin resistance syndrome, ie, fasting insulin, triglycerides, and uric acid, may be associated with the development of elevated BP in young adult black and white men and women, with stronger associations in whites than blacks.
